The status of Myriapoda (whether mono-, para-or polyphyletic) and position of myriapods in the Arthropoda are controversial, an impediment to evaluating fossils that may be members of the myriapod stem-group. Parsimony analysis of319 characters for extant arthropods provides a basis for defending myriapod monophyly and identifying those morphological characters that are necessary to assign a fossil taxon to the Myriapoda. The alliance of hexapods and crustaceans need not relegate myriapods to the arthropod stem-group; the Mandibulatahypothesis accommodates Myriapoda and Tetraconata as sister taxa. No known pre-Silurian fossils have characters that convincingly place them in the Myriapoda or the myriapod stem-group. Because the strongest apomorphies of Myriapoda are details ofthe mandible and tentorial endoskeleton, exceptional fossil preservation seems necessary to recognise a stem-group myriapod. Contents 225 References .. 225 Appendix 1. Characters used in phylogenetic analysis 233 Appendix 2. Characters optimised on cladogram in Fig. 2 251 "Perhaps the most perplexing of the arthropod taxa are the myriapods" (Budd, 1998: 136).
after decades of almost universal acceptance stemmed first from analyses of molecular sequence data, such as studies based on small subunit rRNA (Friedrich and Tautz, 1995, 2001; Giribet et al., 1996) .
These analyses offered an alternative resolution of myriapods as sister group of Chelicerata, though this result was rejected, or at best rendered ambiguous, for the same genes with denser taxonomic sampling (Giribet and Ribera, 1998 Ribera, , 2000 . A (Cook et al., 2001) , sequences for much of the mitochondrial genome (Hwang et al., 2001; Delsuc et al., 2003) , and hemocyanin sequences (Kusche and Burmester, 2001; Kusche et al., 2002) . Independent support for the exclusion of Myriapoda from a crustacean-hexapod clade has come from nuclear coding genes Shultz, 1997, 2001a, b;  Shultz and Regier, 2001) as well as from several kinds of non-sequence data. The latter includes brain ultrastructure (Strausfeld, 1998; Locsel et al., 2002) , neurogenesis (Duman-Scheel and Patel, 1999; Simpson, 2001) , eye ultrastructure (Melzer et al., 1997) , and mitochondrial gene order (Boore et al., 1998) .
These studies [reviewed by Dohle (2001) and Richter (2002a) ] have contributed to a perception that myriapods are more "basal" than crustaceans and hexapods.
In short, Myriapoda is variably seen, even in the latest literature, as either monophyletic (Edgecombe and Giribet, 2002) , paraphyletic (Kraus, 2001) logical development, and details of ultrastructure that will be unknown for fossils. These details permit a rigour in formulating hypotheses of homology that may not be possible with fossils, and larger suites of character data (including more kinds of character data) are available. I shall not, however, endorse the conclusion drawn by Patterson and Rosen (1977) that these epistemological matters mean that fossils are subordinate to extant taxa in phylogenetic analysis. It has been amply demonstrated that a Recent-only tree may be overturned on the basis of including extinct taxa in the sample, a phenomenon that has been defended both theoretically and empirically (Gauthier et al., 1988; O'Leary, 1999) .
The present analysis is confined to extant taxa because the terminal taxa are selected to include groups for which multiple-gene molecular samples are available, permitting combined-data approaches to arthropod phylogeny (Giribet ct al., 2001) . In a palaeontological context, it serves as the "Recent tree", a hypothesis that can be tested, and potentially overturned, by the inclusion of fossil taxa.
Despite all missing codings for molecular (and many non-molecular) characters in fossils, extinct terminals could be included in the taxonomic sample (see Schram and Hof, 1998, and Giribet et al., 2002, for analyses of crustacean and arachnid relationships, respectively, that score fossil taxa for their morphological characters).
Taxonomic and character sampling
The present study expands upon the morphological character set of Giribet et al. (2001) , which was modified from a synthesis by Edgecombe et al. (2000) . The Edgecombe et al. Giribet et al., 2001) . The terminal taxa used here are as in Giribet et al. (2001) with the addition of the myriapods Cryptops (Chilopoda: Scolopendromorpha) and Spirostreptoidea (Diplopoda: Spirostreptida) for which most of the genes used in the molecular character set are now available. In many cases, marker diversity is maximised by combining sequence data from different species to code for a supraspecific terminal taxon, the assumptions of monophyly of these supraspecific groupings, e.g., Scutigeridae, Polyxenidae, Stomato- poda, being relatively unproblematic in the context of the deep branchings in arthropod phylogeny.
The data include a range of non-sequence evidence, including characters describing gene expression patterns and mitochondrial gene order, together with more traditional "morphological" characters (external morphology, internal anatomy, ultrastructure, embryology, and development). 1 have not segregated molecular versus non-molecular data, since the homology concepts used in formulating these characters are similar, all are amenable to parsimony analysis, and none involve the issues specific to sequence data, e.g., base frequencies, treatment of gaps, transversiomtransition costs.
Earlier versions of the dataset (Edgecombe et al., 2000; Giribet et al., 2001) coded the traditional hypothesis of segmental correspondence between chelicerae and second antennae, which implied a loss of deutocerebral appendages in Chelicerata (Bullock and Horridge, 1965; Weygoldt, 1985) . The present version instead codes for segmental homology between the cheliceral and first antennal segments, based on Hox gene expression domains (Damen ct al., 1998; Telford and Thomas, 1998; Scholtz, 2001 ; see Hughes and Kaufman, 2002a, fig. 10 ) and patterns in development of the nervous system in Limulus (Mittmann and Scholtz, 2003) . The alignment of segments in the head of euarthropods and onychophorans follows a model G.D. Edgecombe -Myriapod stem-group 210 for Onychophora outlined by Eriksson and Budd (2000) and Eriksson et al. (2003) .
Cladistic methods
The dataset includes 319 characters (Appendix I, Table I ). Most multistate characters are coded as unordered. Characters 3, 27, 76, 134, 151, 164 and 211 present information that justifies coding for a transformation series, and are scored as ordered.
Two characters (8 and 128) involving ontogeny are scored as variable ("either 1 or 2 but not 0").
Minimal length cladograms were computed with PAUP* version 4b 10 (Swofford, 2002) . A heuristic tree space search was implemented with the commands: hsearch addseq=random nchuck=10 chuckscore=l nrcps=5000 randomize=trees; hsearch start=current nchuck=0 chuckscore=0. As discussed above, trees are rooted between Euarthropoda and the onychophoran and tardigrade out-groups. Group support was evaluated by parsimony jackknifing (Farris et al., 1996) , using PAUP*, with a heuristic search using 1000 replicates and 33% character deletion, saving one tree per replicate. Bremer support (Bremer, 1994) of up to 5 extra steps was computed using a heuristic search with NONA version 2.0 (Goloboff, 1998) . To select a cladogram for showing character optimisations, successive approximations weighting (Farris, 1969) was applied with PAUP*, using the maximum fit of the rescaled consistency index (RCI).
Results
With the analytical procedures outlined above, parsimony analysis finds 648 shortest cladograms of 619 steps (Consistency Index = 0.65; Retention Index = 0.87; Rescaled Consistency Index = 0.56). The strict consensus of these is shown in Fig. 1 (Fig. 2, Appendix 2) .
The higher-level clades are as in the most congruent combined (morphological + molecular) cladogram of Giribet et al. (2001) , with Euarthropoda resolved as (Pantopoda (Chelicerata (Myriapoda (Crustacea, Hexapoda)))). Myriapoda is monophyletic but not strongly supported, with a jackknife frequency of 63% and a Bremer support of 1. It is composed of the sister taxa Chilopoda and Progoneata (see Fig. 3 for taxonomic groupings in the Myriapoda). In some suboptimal cladograms (one step longer than the shortest) myriapod monophyly is contradicted in favour of a sister group relationship between the Progoneata and the Hexapoda, which together constitute the Labiophora .
The internal phylogeny of the Chilopoda identifies the Notostigmophora (order Scutigeromorpha) as the sister group of the four orders that comprise the Pleurostigmophora. This scheme of relationships is widely endorsed by morphologists (Shinohara, 1970; Dohlc, 1985; Shear and Bonamo, 1988; Borucki, 1996; Prunescu, 1996; Edgecombe et al., 1999) , and is congruent with the analysis of nuclear rRNA (Edgecombe et al., 1999) and the combined analysis with multiple molecular markers (Giribet et al., 2001) . The Pleurostigmophora hypothesis contradicts the phylogeny and classification outlined by Ax (1999) , in which the Geophilomorpha was resolved as sister to all other Chilopoda. Rela- tionships of classes in the Progoneata are as argued by Dohle (1980 Dohle ( , 1998 (Schram, 1986; Schram and Hof, 1998) in 61% of the replicates but the grouping of nonremipede crustaceans (=Eucrustacea sensu Ax, 1999) is not present in all minimal length cladograms based on the full character set. The cladograms based on reweighted characters likewise resolve remipedes basally in the Crustacea (Fig. 2) , unite the two members of the Maxillopoda, and resolve malacostracan interrelationships the same as in the analysis of Richter and Scholtz (2001: figs. 5-8) .
The fundamental groups in the Hexapoda are (Ellipura (Diplura (Archaeognatha (Tricholepidion (Zygcntoma, Pterygota)))))). The contentious issue of the placement of Tricholepidion is resolved in favour of it being sister group to all the other Dicondylia (Boudreaux, 1979; Staniczek, 2000; Beutel and Gorb, 2001) rather than sister to Zygentoma s.str. (Kristensen, 1998 
Autapomorphies of Mandibulata

Mandible
The homology of mandibles (Crampton, 1921; Snodgrass, 1938 Snodgrass, , 1950 Scholtz, 2001; Richter, 2002a) . Distal-less expression is transitory if present at all, and is confined to an area that represents a palp anlage, whereas in the maxillula/first maxilla and in other limbs, Distal-less can be expressed in the inner lobes as well (Scholtz, 2001; Richter, 2002a) . The mandible is thus differentiated from other, more posterior limbs with respect to this aspect of Distal-less expression.
The gnathal edge of the mandible in myriapods, crustaceans and hexapods shows further similarities that suggest correspondences in substructures (Edgecombe et ah, 2003) . In particular, the mandibular gnathal edge in taxa within each of these groups is differentiated into a distal incisor part, or pars incisivus, and a proximal molar part, or pars molaris (Fig. 4D ). The pars incisivus is typically a blade-like process with a row of teeth (e.g., in Symphyla: Richter et ah, 2002, figs. 39, 41, 43 (Kraus, 2001 Bonamo, 1988: figs. 14, 17 versus 49, 50) . In any stem-group myriapod, the mandible is expected to be embedded in a chewing chamber between the labrum and the hypopharynx (character of the Mandibulata) (cf. Fig. 4A ). Absence of the palp is a general character of the myriapod crown-group (Fig. 4C ). The coding adopted for the mandibular palp (character 128) allows that its presence in larval stages is general for Crustacea, and it is likely that a palp is present in basal mandibulates.
First maxilla
All Kraus and Kraus, 1994) or lack an appendage on the postmaxillary segment (Dohle, 1980 (Dohle, , 1998 Maxillary palps are uniformly present in Chilopoda, represented by a (generally) two-part telopodite (Fig. 4B ). The absence of maxillary palps has been considered to be apomorphic for Progoneata . Claims that a palp is retained in penicillate diplopods (Shear, 1998) are disputed (Kraus and Brauckmann, 2003 (Paulus, 1979 (Paulus, , 1989 (Paulus, , 2000 Scutigeromorpha (Hanstrom, 1934; Paulus, 1979 Paulus, , 2000 , but with a larger number of cells than in Tetraconata. Other chilopods and diplopods lack a crystalline cone (Spies, 1981), but the data from Penicillata and Scutigeromorpha are significant because these lineages are sister groups of all other Diplopoda and Chilopoda, respectively ( Fig. 3) .
The possibility that a crystalline cone in the ommatidium is an apomorphy for the Mandibulata (Richter 2002a Penicillata, the rhabdom has two layers of retinular cells, whereas many layers are present in Pleurostigmophora and Chilognatha (Paulus, 1979 (Paulus, ,1986 (Paulus, , 1989 (Paulus, , 2000 Spies, 1981 (Kraus, 1974) , but whether these are faceted eyes is uncertain because the details needed to identify an ommatidium are not preserved (Spies, 1981) . Stemmata appear to be diagnostic at less inclusive nodes than Myriapoda, possibly being apomorphic for Chilognatha within Diplopoda and Pleurosfigmophora within Chilopoda (Kraus, 1998 
Autapomorphies of Myriapoda
Reductive characters have figured in some arguments for monophyly of Myriapoda. For example, Ax (1999) cited the absence ("loss") of median eyes and a crystalline cone (but see above) as evidence for myriapod monophyly. Other shared absences noted in previous studies include the lack of a perforatorium in the sperm (Baccetti et al., 1979; Jamieson, 1987) and absence of scolopidial media-noreceptors (Paulus, 2000) . The validity of a monolayered acrosome as a myriapod autapomorphy is called into question by the bilayered acrosome, with a perforatorium, in Scutigera (Mazzini etal., 1992) .
Of the characters noted above, only the presence of median eyes (known for fossil chelicerates and insects) is likely to be determinable in fossils being evaluated as stem-group myriapods (whereas absence of median eyes seems impossible to establish definitively in a fossil myriapod). Discussion below considers positive characters rather than absences.
Tentorial bars and tentorial mobility
Structural details of the cephalic endoskcleton and its functional role in mandibular movements provide the most compelling evidence for myriapod monophyly.
The tentorial cephalic endoskcleton is restricted to myriapods and hexapods. In myriapods, the tentorium includes so-called head apodemes (ectodermal invaginations of the premandibular region) as well as a complex of non-invaginated arms that are fused to the head apodemes (Fig. 5 ). ,2002 Koch, 2000 Koch, ,2003 Klass and Kristensen, 2001 (2002) indicated that the head apodemes of myriapods have their anterior point of invagination more medial than that of the anterior tentorial pits in insects.
The detailed relationships of the anterior tentorial arms exhibit a common pattern in the Myriapoda.
In particular, the head apodemes ('posterior process of the tentorium'; Koch, 2003) in the Chilopoda as well as the Progoneata are fused to a transverse bar (Bitsch and Bitsch, 2002; Koch, 2003 : "fultural sclerites" of Snodgrass, 1950 Snodgrass, , 1952 , which may extend to the lateral cranial wall (tb in Fig. 5 ). The posterior processes are also merged with sclerites 219 Contributions to Zoology, 73 (3) -2004 that form a hypopharyngeal bar (hb in Fig. 5 ), and serve as supports for the hypopharynx. An epipharyngeal bar (eb in Fig. 5 ) serves as the articulation of the mandible in the Chilopoda and the Symphyla (Koch, 2003) . The similarity in the transverse bar was thought by Snodgrass (1952) to provide a "strong point in evidence of a relationship" between the Diplopoda, Pauropoda and Chilopoda.
In each case, the transverse bar supports the apodemes that give rise to mandibular adductor muscles.
Symphyla possess typically myriapodan posterior processes but were thought by Snodgrass (1950, 1952) to lack the transverse bar. However, the transverse apophysis shown by Ravoux (1975) in South gerella is the homologue of transverse bar in other myriapods (Bitsch and Bitsch, 2002) . As such, the transverse bar is a general character for Myriapoda, except for Geophilomorpha (Koch, 2003) , and a homologue is not known in Hexapoda or Crustacea. Thetransverse bar maps on the cladogram (Figs.
1, 2) as a myriapod autapomorphy.
In addition to the particular sclerites that merge with the anterior tentorial arms in myriapods, the functional role of the tentorium in myriapods differs from that of hexapods in a fundamental manner. In Myriapoda, movements of the tentorial apodemes serve to abduct the mandibles, accompanied by a shift of the dorsoventral mandibular muscles to the tentorial apodeme. These tentorial movements were judged by Manton (1964) and Boudreaux Apomorphic similarities in the tentorial cephalic endoskeleton (A-B) and mandible (C-D) in Chilopoda and Diplopoda (from Snodgrass, 1950 Snodgrass, ,1952 . A, C hanced muscular independence (Fig. 5D ). In the Pauropoda, Hexamerocerata have a strong separation of the gnathal lobe from the mandibular base (Hiither, 1968; Kraus and Kraus, 1994) , as in Diplopoda, and this is presumed to be plesiomorphic relative to the single-piece mandible of Tetramerocerata. Single-piece mandibles in Myriapoda (Geophilomorpha and Tetramerocerata) are associated with enhanced entognathy. Fragmentation of the mandible in Chilopoda is expressed as a series of scutes on the gnathal lobe rather than the mandibular base, the numbers and arrangements of which are specific to ordinal groups (Manton, 1965; Borucki, 1996 (Koch, 2003) .
The separation of the gnathal lobe in Myriapoda has a characteristic pattern of musculation ( Fig Traditionally this difference has been ascribed to the dorsal remoter, rather than the dorsal promoter, forming the cranial adductor (Manton, 1964) .
The view that the mandibular flexor is derived from extrinsic limb musculature has, however, been questioned by Koch (2003) , who noted that an origin as endite musculation cannot be ruled out.
Though fossils will lack preservation of the mandibular musculature, the separation of the gnathal lobe can be determined in well preserved material.
The arthropleurid-like Microdecemplex rolfei (Wil- (Kraus and Brauckmann, 2003: fig. 22 ).
Other characters
A few additional characters optimise on the cla- Fossil candidates for the stem-group?
The argument for fossils being allied to the Myriapoda has generally emphasised a lack of post-cephalic tagmosis and uniramous appendages. Given that the former state is a symplesiomorphy (Dohle, 1980) and the latter homoplastic with uniramy in hexa-pods (according to the phylogenetic hypothesis in Figs. 1 and 2), these characters are not profoundly informative.
The earliest well-corroborated Myriapoda in the fossil record ( Fig. 6) (Burke, 1979) , Xyloiulus, Nyranius, Plagiascetus (Hoffman, 1963) , Pleurojulus (Kraus, 1974) , Hexecontasoma (Hannibal, 2000) . (Shear, 1998) rather than parts of the myriapod stemgroup. Some characters of the figured specimen of the Waukesha arthropod, such as the division of the tergum into pre-and metatergites, expanded proximal leg segments, and a ventral projection of the telson, appear to be autapomorphies rather than general characters for Myriapoda.
The prediction of stem-group myriapods in the Cambrian has a sound phylogenetic basis. In the context of the Mandibulata (Fig. I) , the record of phosphatocopines in the Early Cambrian indicated taxa in an advanced position in the crustacean stemgroup by that time (Walossek, 1999 (Boudreaux, 1979; Weygoldt, 1986) . Neither Xanthomyria nor Pseudoiulia preserve a head, such that no comparisons are possible for the best indicators of myriapod affinity, i.e., the mandibles, tentorium, or Tomosvary organs.
The anterior shield of Meristosoma (Robison and Wiley, 1995: figs.
1,2) is too structureless to determine any apomorphic characters shared with Myriapoda or to suggest an alternative placement in the Arthropoda. Myriapodlike reconstructions of the Middle Cambrian marine species Cambropodus gracilis Robison, 1990 (Delle Cave and Simonetta, 1991: fig. 13C ; Retallack, 2000: fig. 6 ) include many features that are not preserved in the fossil (Shear, 1998 (Retallack, 2000 (Retallack, ,2001 .
Assignments to the myriapod stem-group require strong morphological arguments and a consideration of the character evidence that underpins the systematics of extant arthropods. [El] (Anderson, 1973).
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2.
Early cleavage: (0) total cleavage with radially oriented position of cleavage products; (1) intralecithal cleavage [E3; G2] (Scholtz, 1998).
3.
Blastokinesis with amnioserosal fold: (0) absent;
( (1) presumptive mesoderm anterior to midgut;
(2) mesoderm midventral, cells sink and prolifer- Ellipsoid body in brain: (0) absent; (1) present
[G50] (Strausfeld, 1998) .
57.
Noduli in brain: (0) absent; (1) present [G51]
(Strausfeld, 1998).
58.
Protocerebral bridge, composed of small bushy dendrites that intersect axons between the two halves of the brain; dendrites supply complex pattern of axonal projections to the fan-shaped body; (1) present [E48; G54] (Siewing, 1963; Kunze, 1983 
72.
Crystalline cone cells; (0) tetrapartite crystalline cone; (1) cone bipartitite, with two accessory cells;
(2) five cone cells [G64] (Martin, 1992; Richter, 1999) .
73.
Reduction of processes of crystalline cone-producing cells: (0) all cells have processes that pass through clear zone and rhabdom; (1) only accessory cells have processes [G65] (Richter, 1999) .
74.
Distally displaced nuclei of accessory crystalline cone cells: (0) absent; (I) present [G66] (Richter, 1999) .
75.
Clear zone between dioptric apparatus and retina:
(0) absent (apposition eye); (1) present (superposition eye). Codings for apposition and superposition eyes in Malacostraca follow Richter (2002b) .
Of terminals with a clear zone coded here, Anaspides (refracting superposition eye) differs in detail from Homarus and the presumed basal state for Reptantia (reflecting superposition eye). Branchiopods except for some Cladocera have simple apposition eyes, and apposition eyes are likewise present in basal insects (Nilsson, 1989; Richter, 2002b ).
76.
Optic neuropils: (0) no chiasmata; (1) (1) present [E56] (Lauterbach, 1983) .
81.
Type of sensory cells in naupliar eye: (0) inverse;
(1) everse [G72] (Elofsson, 1966; Paulus, 1979) .
82.
Tapetal cells in cups of naupliar eye: (0) absent;
(1) present [G73] (Elofsson, 1966) .
Dorsal frontal organs: (0) absent;
(1) present [G74] (Elofsson, 1965 (Elofsson, , 1966 ).
84.
Posterior medial frontal organ: (0) absent; (1) present [G75] (Elofsson, 1966) .
85.
Ocular tubercle: (0) (Scholtz, 1998) .
90.
Fleshy labrum with setulate sides and specialised glands: (0) absent; (1) present [E65] (Walossek and Muller, 1990) .
91.
Entognathy (overgrowth of mandibles and maxillae by cranial folds); (0) absent; (1) present [E66] (Kluge, 1999) .
92.
Admentum differentiated latero-ventrally on each side of head capsule, developed from posterior part of mouth fold: (0) absent; (1) present [G85] (Koch, 1997; Ikcda and Machida, 1998) .
93.
Sclerotic sternum formed by antennal to maxillulary sternites: (0) absent; (1) present [E67] (Walossek, 1999) .
94.
Tritosternum: (0) absent; (1) present [G87] (Shultz, 1990 ).
95.
Clypeolabrum and labium mobility: (0) free; (1) immobile [E68] (Kukalova-Peck, 1991).
96.
Hypopharynx: (0) absent or only a median lingua;
(1) complete hypopharynx consisting of lingua and paired superlinguae [G89] (Bitsch and Bitsch, 2000) .
97
. Fulturae: (0) absent or limited to a hypopharyngeal suspensorium;
(1) present, in groove between arthrodial membrane of maxilla and labium, connecting hypopharynx with posterior tentorial apodemes [G90] (Bitsch and Bitsch, 2000) . So-called fulturae of myriapods are not positionally equivalent to the fulturae of hexapods, the details of which are added to the character definition (Koch, 2003) . 9 8. Posterior process of tentorium fused anteriorly with hypopharyngeal bar and transverse bar; (0) absent;
(1) present [G9I] (Bitsch and Bitsch, 2002; Koch, 2003 (Sanders, 1963 (Kluge, 1999; Staniczek, 2000) . (Koch, 2001 
131.
Pre-and metatentorium fused: (0) absent; (1) present [G122] (Koch, 2000) . 132 . Anterior tentorial arms: (0) absent; (1) cuticular tentorium developing as ectodermal invaginations;
(2) cuticular fulcro-tentorium. Bitsch and Bitsch (Koch, 2000) (see discussion of character 132 for Diplura).
134. Anterior tentorium: (0) absent (separate rod-like anterior tentorial apodemes); (1) anterior part of tentorial apodemes forms arched, hollow plates that approach each other mesially but remain separate;
(2) anterior tentorium an unpaired roof [G125] (Koch, 2000) . ORDERED 135. Swinging tentorium (mandible adbucts by tentorial movements): (0) absent; (1) present [E89] (Manton, 1964) .
136. Mandibular articulation with tentorium: (0) gnathal lobe articulates with epipharyngeal bar; (1) mandible articulates with hypopharyngeal bar (Koch, 2003 (Boxshall, 1998; Walossek, 1999) .
Applicability to non-crustaceans and possibly homologous endites (e.g., lacinia and galea) are uncertain.
147. First maxillary palps: (0) present (telopodite present on appendage of fourth metamere); (1) absent [E98] (Kraus, 1998) .
148.
Hypertrophied maxillary palp: (0) absent; (1) present [E99] (Kristensen, 1998) .
149. First maxilla divided into cardo, stipes, lacinia, and galea, with similar musculation and function:
(0) absent; (1) present [E100] (Manton, 1964; Kluge, 1999) .
150.
Interlocking of galea and superligua: (0) absent;
(l)presenl [G14I] (Kristensen, 1998; Koch,2001 Dohle, 1980, figs. 10-13) . This complex is fused in chilognathan diplopods to form the gnathochilarium (state 2 here). Hilken and Kraus (1994) and Kraus and Kraus (1994, 1996) disputed the view that polyxenid diplopods possess a true gnathochilarium (considering the median portion to be the second maxillae) and restrict a "perfect" gnathochilarium to the Chilognatha. As noted by Ax (1999) , the structural and functional union of the maxillae in pauropods and diplopods provides an apomorphy regardless of whether or not second maxillae are considered to be incorporated. (1) present [E97] Dohle, 1998) .
155. Coxae of second maxilla medially fused: (0) absent (coxae of fifth metamere not fused); (1) present
[E104] (Dohle, 1985) .
156. Comb-like fringe of simple bristles on tarsus of telopod of second maxilla: (0) absent; (I) present.
Scolopendromorpha have a comb-like fringe along the side ofthe tarsus ofthe second maxillary telopodite [see, e.g., Scolopendra (Attems 1930, figs. 61, 63; Borucki 1996, fig. 49 ); Cryptops (Attems 1930, fig. 12) ]. Borucki (1996, fig. 47 ) identified putatively homologous elements, the kapillare Besen, in Craterostigmus. The scolopendromorph kapillare
Besen differ from those of Craterostigmus in that a denser fringe of simple bristles arises as outgrowths of a narrow band. In Craterostigmus, the fringe is composed of bifurcating or multifurcating spines that arise directly from the edge of the telopodite, and intergradc with the terminal claw.
157. Symphylan-type labium (anterior plate with a row of papilla-bearing lobes distally and tapering proximal arms that extend back to a pair of cervical sclerites): (0) absent; (1) present [G146] (Kraus and Kraus, 1994, 1996) .
158. Linea ventralis: (0) absent; (1) present [E105] (Koch, 1997) .
159. Divided glossae and paraglossae: (0) undivided pair of glossae and paraglossae; (I) glossae and paraglossae bilobed [El06] (Kristensen, 1991) . (1) present [G150] (Kristensen, 1998 (Enghoff, 1984) .
163.
Direct articulation between first and fourth articles of telopodite of maxilliped: (0) absent; (1) present
[El07] (Attems, 1926) .
164.
Coxosternite of maxilliped sclerotised in midline: (1) single tergite. Fusion of the maxillipede tergite to the first pedigerous trunk tergite is unique to Scolopendromorpha. [G171] (Richter and Scholtz, 2001) . (1) present [GI73] (Richter and Scholtz, 2001) .
185.
Atrium between the inferomediana connecting the cardiac primary filter grooves with the pyloric filter grooves: (0) absent; (1) present [G174] (Richter and Scholtz, 2001) .
Gut caeca; (0) absent;
(1) present along midgut;
(2) restricted to anterior part of midgut [E124;
G175] (Clarke, 1979; Bitsch and Bitsch, 1998 Wing flexion: (0) absent; (1) present [G193] (Pfennig, 1969) .
205.
Segmentation of pleon: (0) seven segments; (I) six segments (including sixth pleomere fused with telson) [G194] (Richter and Scholtz, 2001) . Intercalary sclerites: (0) absent; (1) developed as small rings;
(2) developed as pretergite and presternite [EI44] (Manton, 1965; Dohle, 1985) . OR-DERED 212.
Trunk heterotergy: (0) absent; (1) present (alternating long and short tergites, with reversal of lengths between seventh and eighth pedigerous segments) [El45] (Borucki, 1996) .
213.
Trunk sternites: (0) (1) procoxa and metacoxa surround coxa
[El47].
217.
Elongate coxopleurites on anal legs: (0) absent;
(1) present [E148] (Borucki, 1996) .
218.
Pleuron filled with small pleurites: (0) Protopod composed of basis and coxa or proximal endite: (0) absent; (1) present [E160; G215] (Walossek and Muller, 1990, 1998a, b Coxopodite articulation: (0) arthrodial membrane;
(1) pleural condyle;
(2) sternal condyle; (3) (Dohle, 1980; Klass and Kristcnsen, 2001 ).
231.
Styli: (0) absent; (1) present [E156] (Dohle, 1980) .
Musculi laterales: (0) absent;
(1) present [G223] (Shultz, 1990) .
233.
Coxotrochanteral joint; (0) simple; (1) complex
[G224] (Shultz, 1989 (Shultz, , 1990 .
234.
Trochanteronotal muscle: (0) absent; (1) present
[G225] (Bitsch and Bitsch, 2000) .
235.
Trochanter distal joint: (0) mobile; (1) short, ringlike trochanter lacking mobility at joint with prefemur [El57] (Manton, 1965) .
236.
Trochanterofemoral joint of walking legs: (0) transverse bicondylar; (1) vertical bicondylar [G227] (Shultz, 1989 (Shultz, , 1990 .
237.
Unique trochanteral femur-twisting muscle; (0) absent;
(1) present [G228] (Kristensen, 1998) .
238.
Monocondylic femur-tibia pivot joint: (0) absent;
(1) present [G229] (Kristensen, 1998 (Shultz, 1989 (Shultz, , 1990 .
241.
Femoropatellar joint: (0) transverse dorsal hinge;
(1) bicondylar articulation [EI70] (Shultz, 1989 (Shultz, , 1990 ).
242.
Origin of posterior transpatellar muscle: (0) arises on distodorsal surface of femur, traverses femoropatellar joint ventral to axis of rotation, receives fibres from wall of patella; (1) arises on distal process of femur, traverses femoropatellar joint dorsal to axis of rotation, does not receive fibres from patella [E171; G233] (Shultz, 1989) .
243.
Elastic arthrodial sclerites spanning tibia-tarsus joint: (0) absent; (I) present [G234] (Shultz, 2000) .
244.
Tarsus segmentation: (0) not subsegmented; (1) subsegmented (2) spiracles at bases of walking legs, opening into tracheal pouches;
(3) single pair of spiracles on head; (4) dorsal spiracle opening to tracheal lungs;
(5) open-ended tracheae with spiracle on second opisthosomal segment; (6) many spiracles scattered on body [E161 ] (Hilken, 1998). 252. Longitudinal and transverse connections between segmental tracheal branches: (0) tracheae not con- (1997, 1998) .
256.
Abdominal segmentation: (0) six segments; (1) 10 segments;
(2) 11 segments; (3) 12 segments [G246] (Ikeda and Machida, 1998) .
257.
Annulated caudal filament: (0) absent; (1) present
[El76] (Kristensen, 1998) .
258.
Abdominal segment XI modifiedas cerci; (0) absent;
(1) present [E178] (Kristensen, 1991) .
259. Articulate furcal rami: (0), absent; (1) present
[E179] (Walossek and Muller, 1992) .
260.
Uropods: (0) absent; (1) present [G250] (Richter and Scholtz, 2001) .
261.
Styliform post-anal telson: (0) absent; (1) present
[G251] (Bergstrom et ah, 1980) .
262.
Paired terminal spinnerets: (0) absent; (1) present
[G252] .
263. Anal segment with a pair of large sense calicles, each with a long sensory seta: (0) absent; (1) present
[G253] (Scheller, 1982) .
264.
Egg cluster guarded until hatching, female coiling around egg cluster; (0) absent; (1) females coils ventrally around cluster; (2) female coils dorsally around cluster [El80] (Dohlc, 1985; Bonato and Minelli, 2002) .
265.
Peripatoid and foetoid stages protected by mother:
(0) absent; (1) present [G255] (Dohlc, 1985) .
266.
Female gonopod used to manipulate single eggs (0) absent; (1) present [E182] (Ax, 1999 (Kristensen, 1981 (Kristensen, , 1998 .
269.
Ovipositor opening at anteroventral part of opisthosoma: (0) absent; (I) present [G259] (Shultz, 1990; Giribet et ah, 2002 (Bitsch and Bitsch, 2000) .
274.
Penis on abdominal segment IX: (0) absent; (I) present [G264] (Bitsch and Bitsch, 2000) .
275.
Male gonopore location: (0) posterior end (opisthogoneate); (1) somite 11 (sixth pereion segment);
(2) somite 12 (seventh pereion segment); (3) somite pereion segment); (7) somite 16; (8) (Shultz, 1990; Dunlop, 1999) .
279. Postgenital appendages: (0) opercular and/or lamellar;
(1) poorly sclerotized or eversible;
(2) absent
[G269] (Shultz, 1990 (Prunescu, 1996) . (Jamieson et al., 1999) .
288. Perforatorium bypasses nucleus: (0) absent (perforatorium penetrates nucleus); (1) present [G278] (Jamieson, 1991) . [G279] (Jamieson, 1987) . 290. Striated core in subacrosomal space: (0) absent;
(I) present [G280] (Baccetti and Dallai, 1978; Dallai and Afzelius, 2000) .
291
. Centrioles in sperm: (0) proximal and distal centrioles present, not coaxial; (1) coaxial centrioles;
(2) single centriole; (3) centrioles absent in ma-ture sperm; (4) doubletcentrioles, each with a radial 'foot' [E196; G281] (Jamieson et ah, 1999) 292. Centriole adjunct; (0) absent; (1) present [E197; G282] (Jamieson et ah, 1999) .
293.
Sperm 'accessory bodies' developed from the centriole; (0) absent; (1) present [E198] (Jamieson, 1987; Dallai et al" 2003) .
294. Cristate, non-crystalline mitochondrial derivatives in sperm: (0) absent; (1) present [E199] (Jamieson, 1987) . 295. Connecting bands between axoneme and mitochondria: (0) absent; (1) present (Dallai et al., 2003) .
296.
Supernumary axonemal tubules (peripheral singlets); (0) absent; (1) formed from the manchette;
(2) formed from axonemal doublets [E200] (Dallai and Afzelius, 1993, 1999) .
297.
Number of protofilaments in wall of accessory tubules: (0) 13; (1) 16 (Dallai and Afzelius, 1999).
298. Axonemal endpiece 'plume': (0) endpiece not extended; (1) endpiece extended, plume-like [E201] (Jamieson, 1986) .
299.
Sperm flagellum: (0) present; (1) absent [E203].
300.
Nucleus of sperm forms spiral ridge; (0) absent;
(1) present-[E202; G288] (Dohle, 1985; Alberti, 1995) .
301.
Nucleus of sperm with a manchette of microtubules: (0) absent; (1) present [G289] (Alberti, 1995) .
302.
Coiling of spermatozoan flagellum: (0) absent (filiform sperm); (1) present [G290] (Alberti, 1995) .
303.
Medial microtubules in spermatozoan axoneme:
(0) two (9+2); (1) three (9 + 3); (2) none (9 + 0)
[G291] (Alberti, 1995) . [G293] (Kraus, 1998 (Prunescu, 1997) .
308. Location of ovary germarium: (0) germarium forms elongate zone in the ventral or lateral ovarian wall;
(1) germarium in the terminal part of each egg tube;
(2) single, median mound-shaped germarium on the ovarian floor; (3) paired germ zones on ovarian wall [E205; G295] (Makioka, 1988; Yahata and Makioka, 1994; Bitsch and Bitsch, 1998 (Makioka, 1988; Ikuta and Makioka, 1999) .
310.
Coxal organs: (0) absent; (1) present [E207] (Rosenberg, 1983 ).
311.
Crural glands: (0) absent; (1) present [E208] (Storch and Ruhberg, 1993; Monge-Najera, 1995) .
312.
Pair of repugnatorial glands in the carapace: (0) absent; (I) present [G299] (Giribet et al., 2002) .
313.
Pleural defense glands with benzoquinones: (0) absent; (I) present [G300] (Enghoff, 1984 (1) restricted from the posterior of embryo (Hughes and Kaufman, 2002b) .
318.
Relative position of COl and COII: (0) COI/COI1;
(1) C0I/tRNA UUUR VC011 [E210; G302] (Boore et al., 1995 Lavrov et al., 2002) . (1) etal, 1995, 1998) . Table / -Codings for 319 characters listed in Appendix 1. Multistate taxa are in the form "(1/2)" (=either 1 or 2 but not 0). Continued, Table I 
